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A sensitive method for the detection of antigens in sera, termed double 
determinant immunopolymerase chain reaction (double determinant immuno-PCR) 
was developed, using two monoclonal antibodies (MoAbs), in which the 
antigens are sandwiched, and a specific DNA molecule is used as a marker. 
Instead of the antigen itself, the first MoAb to bind the circulating 
antigens was immobilized. After the biotinylated second MoAb was bound to 
the antigen, free streptavidin was used to attach a biotinylated DNA to the 
biotinylated second MoAb. The biotinylated DNA complexed with 
antigen-antibody-streptavidin was amplified by PCR, and the PCR products 
were analyzed by Southern blot hybridization after agarose gel 
electrophoresis. Compared with the conventional enzyme linked immunosorbent 
assay (ELISA) using soluble intercellular adhesion molecule-1 (sICAM-1) in 
the supernatant of cultured Panc-1 * cells as an antigen, our double 
determinant immuno-PCR was 10(3) times more sensitive in terms of the 
detection limit. Not only in culture medi um, but also in sera from gastric 
cancer patients of high. sICAM-1 titer, an approximately 10(3) -fold 
enhancement in detection sensitivity was obtained compared with ELISA. In 
addition, this system can detect the antigen in sera at a level below the 
detection limit of traditional ELISA methods with high sensitivity. Thus, 
double determinant immuno-PCR has the significant advantage that it can be 
readily applied to any antigen-antibody system for which two MoAbs are 
available . 
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An antigen detection system, termed immuno -polymerase chain reaction 
(immuno-PCR) , was developed in which a specific DNA molecule is used as the 
marker. A streptavidin-protein A chimera that possesses tight and specific 
binding affinity both for biotin and immunoglobulin G was used to attach a 
biotinylated DNA specifically to antigen-monoclonal antibody complexes that 
had been immobilized on microtiter plate wells. Then, a segment of the 
attached DNA was amplified by PCR. Analysis of the PCR products by agarose 
gel electrophoresis after staining with ethidium bromide allowed as few as 
580 antigen molecules (9.6 x 10 (-22) moles) to be readily and reproducibly 
detected. Direct comparison with enzyme-linked immunosorbent assay with the 
use of a chimera-alkaline phosphatase conjugate demonstrates that 
enhancement (approximately x 10(5)) in detection sensitivity was obtained 
with the use of immuno-PCR. Given the enormous amplification capability and 
specificity of PCR, this immuno-PCR technology has a sensitivity greater 
than any existing antigen detection system and, in principle, could be 
applied to the detection of single antigen molecules. 
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The in vitro amplification of biologically important nucleic acids has 
proceeded principally by a strategy of DNA replication. Polymerase chain 
reaction was the first such protocol to achieve this goal. In this report, 
a transcription-based amplification system (TAS) is described. Each cycle 
of the TAS is composed of two steps. The first is a cDNA synthesis step 
that produces one copy of a double-stranded DNA template for each copy of 
RNA or DNA target nucleic acid. During the course of this cDNA synthesis 
step, a sequence recognized by a DNA-dependent RNA polymerase is inserted 
into the cDNA copy of the target sequence to be amplified. The second step 
is the amplification of the target sequence by the transcription of the 
cDNA template into multiple copies of RNA. This procedure has been applied 
to the detection of human immunodeficiency virus type 1 (HIV-1 ) -infected 
cells. After four cycles of TAS, the amplification of the vif region of the 
HIV-1 RNA genome was measured to be, on the average, 38- to 47-fold per 
cycle, resulting in a 2-5 x 10 (6) -fold increase in the copy number of the 
original target sequence. This amplification by the TAS protocol allows the 
detection of fewer than one * HIV-l-inf ected CEM cell in a population of 
10(6) uninfected CEM cells. Detection of the TAS-generated RNA from 
HIV-l-inf ected cells can easily be accomplished by means of a bead-based 
sandwich hybridization protocol, which provides additional specificity for 
the identification of the amplified HIV-l-specif ic .sequence. 
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DETDESC: 
DETD(1 8) 

The **Ligase**-Chain-reaction (**LCR**, EP-A-0 320 308) can also be 
proved! accordance with the invention. Instead of at east one • 
o rgonuctotide, this improvement uses a set rfohgom|cto^ 

a ™ ™th the invention FIG. 1 3 demonstrates that the number ot 
Xa"»^»"rduc,s is increased. Depending on ft. location 
of Y nettlion and/or annealing of incorrect o.igonucleoUdes ,s 
lige'ly suppressed. In. . be located at the 3'-end o the one 
oligonucleotide or at the 5'-end of the ohgonucleohde_ta 
principle, an **LCR** where X is located the ft, ^<*f ' ^ 
oligonucleotide can be carried out analgously to COP process. Preierred 

are. . . 
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SUMMARY: 
BSUM(64) 

The **Ligase**-Chain-reaction (**LCR**, EP-A-0 320 308) can also be 
improved in accordance with the invention. Instead of at least one 
oTonucleotide this improvement uses a set of oligonucleotides in 
SS^S; ^ —n. FIG. 13 demonstrates that the number of 
mismatches in **cross** products is increased. 
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DRAWING DESC: 
DRWD ( 4 ) 

FIG. 3 is a diagram showing cross-linking agent modification of an 
LCR-derived amplification product and subsequent irreversible 
cross-linking of the modified amplification product. 

DETDESC: 

DETD ( 41 ) 

The cross-linking agent is incorporated into the amplification 
probe (s) or primer (s) using methods known to those skilled in the art. 
an LCR type of amplification procedure, it is preferred to locate the 
cross-linking agent on a middle amplification probe which will, in 
turn, incorporate the cross-linking agent nearest to the center of 
the resulting amplification product as is practically possible. With 
respect to the amplification probe carrying the cross-linking agent, 
it is further preferred to locate the cross-linking agent in the 
center region of the probe so as not to interfere with the joining or 
ligating of the ends of the modified probe. This is demonstrated in FIG 
3, wherein the cross-linking modification is incorporated into 
amplification product from one of the middle pair of probes of a three 
pair set of. 
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DETDESC: 
DETD(114) 

Ever ... a non-genetic chemical has yet to be fully realized. This 
Example shows that end-derivatized double-stranded DNA can serve as a 
cross-linker between different immunoglobulin G Fab 1 fragments to 
form a semisynthetic bispecific antibody. Beyond its function as a novel 
cross-linker, though, DNA possesses a number of potentially very 
useful properties, including the following: gentle hetero-cross- 
linking via simple annealing reactions; automated synthesis; controllable 
sequence variation resulting in well-defined length and structure (useful 
up to hundreds of. . . and exquisitely sensitive detection via the 
polymerase chain reaction. However, to enable enzymatic action by 
restriction enzymes against the intact cross-linking DNA molecule, a 
somewhat longer DNA sequence ( SEQ ID NOS : 1 and 2) should be used as the 
32mer sequence used. . . steric hindrance or altered DNA structure. 
Another difficulty is that reducing conditions are necessary for many DNA 
modifying enzymes, including ligases and many restriction enzymes. 
Unfortunately, the model constructs described in this paper all contain 
easily usable disulfide bond cross-links between protein and DNA. 
Treatment with reducing agent will destroy these important structural 
bonds. For applications that require irreversiblity of the protein-DNA 
cross-link, an irreversible thioether bond may be' produced (Glennie 



S PAT NO: 5, 814, 492 [IMAGE AVAILABLE] 



L2: 32 of 153 



DRAWING DESC: 
DRWD ( 8 ) 

FIG. . . . the invention using four blocking oligos (indicated by 
asterisk "*"), one on each of the four probes used in gap LCR. In 
this case, interference control is provided by a "bubble" deletion and b 
chemical groups on each of the blocking. . . amplification probes and 
allowed to hybridize to one another. In a variation of this, the hairpin 
blocking oligo may be crosslinked in the hinge region to prevent 
"unbending" of the hairpin. 

DETDESC: 

DETD (23) 

A . . .so that the self complementary ends can fold back over one 
another and anneal. The hairpin end may optionally be crosslinked to 
itself to prevent unfolding. In this configuration it is generally 
preferable that the 5 1 terminal base lie adjacent the 3 ! terminal base o 
the probe to provide the most efficient mask. However, in LCR 
mixtures containing ligase the 5 1 end of the blocking oligo should 
not be phosphorylated or it should terminate with at least one base. 



DETDESC: 
DETD (24) 

The . . . hairpin {a minimum of about 7 or 8 nucleotides) . In cases 
where hybridization sequestration is used as interference control in 
LCR (see below) , the hairpin may be relatively long and is preferably 
complementary to a similar hairpin on the blocking oligo. . . oligo 
homoduplex, without affecting the Tm of the blocking oligo: probe 
heteroduplex . Hairpins used in sequestration interference control are 
preferably not crosslinked. 
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DETDESC: 

DETD (27 ) 

In the case of a particular cross modification that is to be 
classified on a geometric basis, the criterion is the amount of working 
surface material the cross modification removes at or beyond (i.e., 
farthest from the field entry or exit corner, as the case may be) the 
outermost pair of symmetrically arrayed contact lines. Ideally the 
crosshatched areas (92 and 93 in FIG. 9 or 112 and 113 in FIG . 11) 
will not reach these outermost lines, ... of the spikeshaped area 
112, 113 that overlaps the contact line (e.g., segment r-120 in FIG. 11) 
To restrict the cross modification to a region in which it will not 
produce detrimental initial separation along any significant portion of 
these outermost lines of contact, the combined area shown 
crosshatched in fields such as those shown in FIGS. 9 and 11 should 
not exceed a certain critical percentage of the total field area. That 
critical percentage is different for fields of different proportions, 



such as HCR and LCR gears, so it is much simpler and more direct to 
define the limits of liminal cross modification by reference to the 
base pitch. 
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DETDESC: 
DETD(ll) 

In one aspect, the oligonucleotide tags of the invention comprise a 
plurality of "words" or subunits selected from minimally 
cross-hybridizing - sets of subunits. Subunits of such sets cannot form 
a duplex or triplex with the complement of another subunit of. 
embodiments, sequences of any two oligonucleotide tags of a repertoire 
can be even "further" apart, e.g. by designing a minimally 
cross-hybridizing set such that subunits cannot form a duplex with 
the complement of another subunit of the same set with less. . . and 
their complements are oligomers of the natural nucleotides so that they 
may be conveniently processed by enzymes, such as ligases, 
polymerases, nucleases, terminal transferases, and the like. 
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DETDESC: 
DETD ( 8 ) 

In one aspect, the oligonucleotide tags of the invention comprise a 
plurality of "words" or subunits selected from minimally 
cross-hybridizing sets of subunits. Subunits of such sets cannot form 
a duplex or triplex with the complement of another subunit of. 
embodiments, sequences of any two oligonucleotide tags of a repertoire 
can be even "further" apart, e.g. by designing a minimally 
cross-hybridizing set such that subunits cannot form a duplex with 
the complement of another subunit of the same set with less. . . and" 
their complements are oligomers of the natural nucleotides so that they 
may be conveniently processed by enzymes, such as ligases, 
polymerases, nucleases, terminal transferases, and the like. 




and other genomes v is accumulating rapidly. However, it frequently proves 
difficult to use such short DNA segments to identify clones in genomic 
libraries or fragments in blots of the whole genome or for in situ analysis 
of chromosomes. Oligonucleotide probes, consisting of two 
target-complementary segments, connected by a linker sequence, were 
designed. Upon recognition of the specific .nucleic acid molecule the ends 
of the probes were joined through the action of a %ligase%, creating 
circular DNA molecules catenated to the target sequence. These probes thus 
provide highly specific detection with minimal background. 
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Oligonucleotides labelled with detectable groups are essential tools in 
gene detection. We describe here the synthesis of pyrimidine 
deoxynucleotide-building blocks, modified at their C-5 position with a 
protected form of a strongly chelating agent. These reagents can be used to 
introduce multiple metal ions into oligodeoxynucleotides during standard 
oligonucleotide synthesis. The chelating functions form strongly 
fluorescent complexes with europium ions, characterized by a wide 
separation between the excitation and emission spectra. Moreover, the long 
decay time of the fluorescence permits sensitive time-resolved fluorescence 
measurements. The chelates also have the stability required to function in 
triple-color assays involving europium, samarium, and terbium ions. We 
demonstrate the application of these reagents for %ligase%-based gene 
analysis reactions. 
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Genetic screening for sequence variants associated with disease is 
assuming increasing importance in clinical medicine as well as in research. 
We describe an efficient method for such analyses, comprising a combination 
of practical features: (1) Amplified DNA samples are analyzed for their 
ability to serve as templates in standardized allele-specif ic %ligation% 



res. In FIG. 3 AbDSD is an 

antibody to double stranded DNA, and in FIG. 4 AbD is anti-digoxigenin 
antibody and D is digoxigenin. Hybridisation techniques using these 
methodologies are already known, see for ^vamplp;- fiiiftsdon J-L (1992), 
"Immunoenzymatic Techniques Applied to the Specific Detection of Nucleic 
Acids", Journal of Immunological Methods 150, 33-49; Mantero G, Zonaro A, 
Albertini A, Bertoio P & Primi D. (1991) , "DNA Enzyme Iinrminoassay : 
General Method for Detecting Products of Polymerase Chain 
Reaction", Clinical Chemistry 3 7/3, 422-429; Keller G. H., Huan g D-P^ 
Shih W-K & Manak M. M. (1990), "Detection of Hepatitis B Virus DNA in 
Serum by Polymerase Chain Reaction Amplification and 

Microtiter Sandwich Hybridization", Journal of Clinical Microbiology 
28/6, 1411-1416; Nickerson D. A., Kaiser R., Lappin S, Stewart J, Hood 
& Landegren U (1990), "Automated DNA Diagnostics Using an ELISA-based 
Oligonucleotide Ligation Assay", Proceedings of the N ational Academ y 
of Sciences 8 7, 8923-8927; Wolf S. F., Haines L. , Fisch J., Kremsky J. 
N. , Dougherty J. P. & Jacobs K. (1987), "Rapid Hybridization Kinetics of 
DNA Attached to Submicron Latex Particles", Nucleic Acids Research 15/7, 
2911-2926. 
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This report describes the detection of mutations in the pol gene of human 
immunodeficiency virus type 1 associated with resistance to zidovudine, 
didanosine, and lamivudine by genotyping by an oligonucleotide 
ligation assay specific codons in the pol gene amplified by PCR. Our 
studies demonstrate the sensitivity, simplicity, and specificity of this 
genotyping system. 
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Single nucleotide substitutions and unique insertions/ deletions are the 
most common form of DNA sequence variation and disease-causing mutation in 
the human genome. Because of the biological and medical importance of these 
variations, a wide array of methods have been developed for their typing. 
We have applied an approach that combines the amplification of polymorphic 
regions by the polymerase chain reaction (PCR) with a system for typing 



diallelic variants using an oligonucleotide ligation assay 
(OLA) . In this report, we describe a significant advance in this technology 
that permits the typing of two alleles in a single microtiter well. By 
marking each of the allele-specif ic primers with a unique hapten, i.e. 
digoxigenin and fluorescein, each OLA reaction can be detected by using 
hapten specific antibodies that are labeled with different enzyme 
reporters, alkaline phosphatase or horseradish peroxidase. This system 
permits the detection of the two alleles using a high throughput format 
that leads to the production of two different colors. We demonstrate the 
specificity, sensitivity and ease of data interpretation with this system. 
Furthermore, we show that multiplex PCR/OLA not only increases the 
throughput of DNA typing but also increases its accuracy in typing 
diallelic sequence variations using an approach that can be broadly applied 
for human genome analysis (in evaluating genotype/phenotype links), in 
typing infectious agents and in forensic analysis. 
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The use of DNA typing in human genome analysis is increasing and finding 
widespread application in the area of forensic and paternity testing. In 
this report, we explore the feasibility of typing single nucleotide 
polymorphisms (SNPs) by using a semiautomated method for analyzing human 
DNA samples. In this approach, PCR is used to amplify segments of human DNA 
containing a common SNP. Allelic nucleotides in the amplified product are 
then typed by a colorimetric implementation of the oligonucleotide 
ligation assay (OLA) . The results of the combined assay, PCR/OLA, are 
read directly by a spectrophotometer; the absorbances are compiled; and the 
genotypes are automatically determined. A panel of 20 markers has been 
developed for DNA typing and has been tested using a sample panel from the 



CEPH pedigrees (CEPH parents) . The results of this typing, as well as the 
potential to apply this method to larger populations, are discussed. 
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Aspartylglycosaminuria (AGU) is a recessively inherited lysosomal storage 
disease that occurs with much higher frequency in Finland than elsewhere. 
AGU is caused by a deficiency in glycosylasparaginase (GA) , which results 
in the accumulation of glycoasparagines in lysosomes. In the Finnish 
population, a single nucleotide change in the gene encoding GA is 
responsible for the disease. We have used the oligonucleotide 
ligation assay (OLA) to detect the mutation in polymerase chain 
reaction (PCR) amplified DNA samples from normal, carrier, and affected 
individuals. Screening for AGU among 415 random Finnish DNA samples with 
PCR/OLA revealed five carriers of the mutant allele and demonstrated the 
potential of the method for use in carrier screening. PCR/OLA provides a 
rapid, reliable, nonisotopic method to detect the mutation responsible for 
AGU that can readily be applied to large population screening. 
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The systematic screening of yeast artificial-chromosome 
is the limiting step in many physical mapping projects, 
screening throughput for a human YAC library, we designed an automatable 
strategy to identify YAC clones containing a specific segment of DNA. Our 
approach combines amplification of the target sequence from pooled YAC DNA 
by the polymerase chain reaction (PCR) with detection of the sequence by an 
ELISA-based oligonucleotide-ligation assay (OLA) . The PCR-OLA 
approach eliminates the use of radioactive isotopes and gel 
electrophoresis, two of the major obstacles to automated YAC screening. 
Furthermore, the use of the OLA to test for the presence of sequences 
internal to PCR primers provides an additional level of sensitivity and 
specificity in comparison to methods that rely solely on the PCR. 
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Using a combination of denaturing gradient gel electrophoresis and direct 
DNA sequencing, we have found that multiple (4 to 7) biallelic sequence 
polymorphisms can be located within short DNA segments, 300 to 2400 bp. 
Here, we report on the identification of three clusters of DNA 
polymorphisms, one in each of the constant regions of the human T cell 
receptor .alpha. and .beta, gene complexes on human chromosomes 14 and 7, 
respectively and a third among the human t-RNA genes on human chromosome 
14. The frequency of these polymorphisms and the extent of linkage 
disequilibrium between individual polymorphisms have been determined using 
a semiautomated DNA typing system combining DNA target amplification by the 
polymerase chain reaction with the analysis of internal sequence 
polymorphisms by a colorimetric oligonucleotide ligation assay. 
We have found that individual biallelic polymorphisms in each cluster are 
often in partial linkage disequilibrium with one another. This partial 
linkage disequilibrium permits the combined use of three to four markers in 
a cluster to generate a halotype with high levels of heterozygosity, 71 to 
88%. Therefore, clusters of physically linked biallelic polymorphisms 
provide an automatable and highly informative type of genetic marker for 
general linkage analysis as well as an attractive alternative marker system 
for fine-point mapping of disease-causing genes and phenotypic traits 
relative to their framework locations in the genome. 
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The BALB/c mouse has at least 29 class I genes encoded in the Qa, Tla, 
and Hmt (histocompatibility dependent on the maternally transmitted factor) 
regions of the MHC. The pattern of expression of these class lb MHC genes 
is not well characterized, although some of their products such as the 
serologically detectable Qa-2 and TL Ag are expressed mainly in lymphoid 
and hematopoietic tissues. In this study, the expression pattern of BALB/c 
class I genes has been analyzed in adult bone marrow and fetal liver. cDNA 



libraries were synthesized from these tissues, and isolated class I cDNA 
clones were characterized by hybridization with oligonucleotide 
probes and by nucleotide sequence analysis. Of the 29 total class lb genes, 
transcripts of five including Q6d, Q7d, T9c, TlOc, and the 37 gene were 
isolated from the bone marrow cDNA library. Four of these can encode 
proteins; the sequence of the TlOc gene demonstrates it most likely a 
pseudogene. A nonoverlapping set of three class lb cDNA clones was obtained 
from the fetal liver, including T13c, the Thy 19.4 gene, and a previously 
uncharacterized class I gene provisionally designated as FL 57.2. Although 
the majority of H-2Dd cDNA clones that were analyzed lack introns, many of 
the class lb cDNA clones contain intron sequences. This suggests that the 
expression of some of these genes may be regulated at the level of RNA 
splicing. The T13c gene encodes the thymus leukemia Ag in BALB/c mice. We 
have confirmed that the T13c gene is expressed in fetal liver by flow 
cytometric analysis of cells stained with anti-TL mAb. 
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DNA diagnostics, the detection of specific DNA sequences, will play an 
increasingly important role in medicine as the molecular basis of human 



disease is defined. Here, we demonstrate an automated, nonisotopic strategy 
for DNA diagnostics using amplification of target DNA segments by the 
polymerase chain reaction (PCR) and the discrimination of allelic sequence 
variants by a colorimetric oligonucleotide ligation assay 

(OLA) . We have applied the automated PCR/OLA procedure to diagnosis of 
common genetic diseases, such as sickle cell anemia and cystic fibrosis 

( . DELTA. F508 mutation), and to genetic linkage mapping of gene segments in 
the human T-cell receptor .beta. -chain locus. The automated PCR/OLA 
strategy provides a rapid system for diagnosis of genetic, malignant, and 
infectious diseases as well as a powerful approach to genetic linkage 
mapping of chromosomes and forensic DNA typing. 
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An assay for the presence of given DNA sequences has been developed, 
based on the ability of two oligonucleotides to anneal immediately adjacent 
to each other on a complementary target DNA molecule. The two 
oligonucleotides are then joined covalently by the action of a DNA %ligase% 
provided that the nucleotides at the junction are correctly base-paired. 
Thus single nucleotide substitutions can be distinguished. This strategy 
permits the rapid and standardized identification of single-copy gene 
sequences in genomic DNA. 
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Abstract: Protocols for in vitro amplification of nucleic acids are 

proliferating and there are now several methods that will contribute 
both to genetic research and to the diagnosis of a wide range of 
diseases. Here, I present the working principles of some of these 
molecular machines for amplifying DNA or RNA and discuss the lines 
along which new methods of amplifying nucleic acids may be developed. 
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We have devised a procedure, termed capture PCR (CPCR) , that permits the 
rapid isolation of DNA segments situated adjacent to a characterized 
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Numerous enzymatic and chemical methods are now available for the 
preparation of non-radioactive nucleic acid probes. Labels, such as 
enzymes, f luorophores, lumiphores can be attached to the nucleic acid 
probe either by covalent bonds (direct labelling) or by biospecific 
Recognition after hybridization (indirect labelling). The principle of the 
latter method is based on the use of a hapten-labelled nucleic acid probe 
which is generally detected by an immunoenzymatic assay. Indirect labelling 
has several advantages: this procedure uses multienzyme complexes to 
increase the number of enzyme molecules associated with hybridization and 
hence provides an increase in detectability; moreover, haptens (biotin, 
dinitrophenol, acetylaminof luorene analogues, digoxigenin, brominated or 
sulphonylated pyrimidines) used to label nucleic acid probes are not 
sensitive to elevated temperatures (42-80 degrees C) , extended incubation 
times (several hours), detergents and organic solvents currently required 
in hybridization techniques. The application of the immunoenzymatic and 
related techniques to nucleic acid probing is reviewed, focussing on the 
strategies of non-radioactive hybridization, hapten-labelling of nucleic 
acids and methods for the immunodetection of the hybrids. (133 Refs.) 
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Point mutation in the nucleotide sequence of the structural genes for the 
TEM-type penicillinases can broaden their substrate spectrum towards all 
beta-lactams except cephamicins and imipenem. We describe here 
hybridization techniques for the detection of point mutations by 
non-radioaci:. vf oligonucleotide probes with plasmid DNA carrying bla T 
genes immobilized in polystyrene microwells. After hybridization in 
discriminating conditions with corresponding biotinylated oligonucleotide 
probes, the" ..ybrids were detected by using a streptavidin-alkaline 
phosphatase corrugate and a fluorogenic substrate, 4-methylumbellif eryl-pho 
sphate. The ^ isorption of DNA to microwells used in the present work was 
found to 1 e independent of Mg2 + and Na+ concentrations. By this method, 
less than 3 frills of target DNA were sufficient for the detection of point 
mutation . 
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Genetic analysis of inherited diseases has been greatly facilitated by 
new approaches, "involving genomic DNA amplification by the polymerase chain 
reaction (-CR) , followed by hybridization with wild type-specific or 
mutation-specif.c oligonucleotide (MSO) probes. The main advantage of these 
methods is that they allow easy detection of point mutations starting from 
minimal amomts of biological materials. These techniques, however, require 
procedures whi rh are not well suited to large-scale screening or use m 
routine la;>3- ttories . The development of dedicated kits to perform these 
tests effi ieit'y in clinical laboratories is an important current issue. 
We developed a new non-radioisotopic assay to reveal specifically DNA- DNA 



we aevexop<;u a new nwn r j - . . , 

hybrids be. .ween amplified DNA and MSO probes, and applied it to the 
detection of -:wo mutations causing cystic fibrosis. The detection of 
hvbrids is aci, eved by means of an anti double-stranded DNA antibody, in a 
format which is designed as a colorimetric assay resembling a common 
enzymatic immunoassay (EIA) . The assay detects the hybridization event 
independent cv the nucleic acid sequences involved in the formation of the 
specific h- ds, and can be used with any combination of target DNA and 
probes Th -rerore, this test represents a significant improvement for the 
clinical us of -he polymerase chain reaction in the diagnosis of inherited 



diseases . 
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We devel ped a new colorimetric method, DNA enzyme immunoassay (DEIA) , 
-g specific hybrids of complementary nucleic acids and applied 
detection of hepatitis B virus (HBV) DNA amplified from serum 
means of the polymerase chain reaction (PCR) technique. The 
based on the ability of an anti-DNA monoclonal antibody to 
discriminate between single-stranded and double-stranded DNA. A solid phase 
was coated with a specific oligonucleotide probe, internal to the amplified 
region of KBV TWA, via an avidin-biotin bridge. The denatured PCR product 
was hybrid zed with the solid-phase probe, and the amplified DNA probe 
hybrid was then incubated with a monoclonal antibody specific for double- 
but not s ..ngle-stranded DNA. Colorimetric detection of the DNA-antibody 
complex wa.; achieved by adding an anti-mouse Ig antibody labeled with 
peroxidase. The combined use of DEIA and PCR can reveal a few 
copies present in a serum sample. This method has several 
(a) the sensitivity is adequate for the detection of amplified 
the signal is associated with the hybridization event, 
rnodif ications of the probe or of the amplification 
:) the test is simple and rapid and, most importantly, 
„ standard facilities of a routine clinical laboratory, 
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developed a microtiter sandwich hybridization assay for the 
of polymerase chain reaction ( PCR) -amplified hepatitis B virus 
lences. This assay utilizes an enzyme-linked immunosorbent 
format in which cloned DNA containing a sequence complementary 
f one PCR product strand is immobilized in microtiter wells. A 
led DNA sequence complementary to the other portion of the same 
■t strand is used as the probe. The DNAs from 69 hepatitis B 
cigen-positive serum samples and 16 antigen-negative control 
re amplified by the PCR procedure, and the product was detected 
n and sandwich hybridization. Both detection procedures were 
detecting as few as five copies of HBV DNA. Compared with 
/bridization, the sandwich hybridization assay exhibited a 
"of 100% and a specificity of 95% for the detection of amplified 
•aces. Unlike Southern hybridization, however, the sandwich 
on assay employs a nonradioactive probe and allows easy handling 
numbers of samples. DNA was detected in 74% of the 
itive samples. All of the antigen-negative samples (healthy 
s) were negative for HBV DNA by both procedures. 
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detection of DNA; initial data ind The assay , which we 

in ,„ , n ni times hiqher than conventional techniques, ine y, 
10 (2) -10 (J J times nxy" , m „nfi M tion of the coaqulation cascade to 

ha „e called ^^^"■J.S&Sr'.S "product. \ DNA template is 
produce a colonmetricaxiy u immobilised in a 

labelled with biotlj and - Japtene , ^ t the haptene is 

streptavx in coa e m r er ^ ^ activator (RWXa) , and introduced 

conjugated to a s na * e J e " om * is tnen developed by the addition of 

cvstic' fSSroSl! « c ^'l2 T ™L?"n1"the first e*o„ of K- ras for colon 
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Competitor template RNA fo^^Ltection and quantitation of h^^titis A 

virus by PCR 
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PCR was used to introduce a 63-bp deletion into the putative RNA 
replicase coding sequence of hepatitis A virus. RNA was synthesized in 
vitro from the deletion mutant cloned into a transcription vector. Upon 
amplification by PCR, cDNA made from the competitor RNA generated an 
amplified fragment that could be easily distinguished from the product 
generated from wild-type hepatitis A virus genomic RNA by gel 
electrophoresis, when the same primers were used, without further 
manipulation. The competitor RNA was used as a positive control in 
PCR-based detection of very low copy numbers of hepatitis A virus genomic 
RNA in the presence of unrelated hard-shell clam RNA. When the competitor 
RNA was used for competitive PCR to quantitate wildtype RNA, the presence 
of one template at a 10-fold to 100-fold higher level almost completely 
inhibited product formation from the underrepresented template. The 
competitor RNA should be useful as a control for reverse transcription and 
PCRs to determine hepatitis A virus genome RNA when accidental 
contamination of test samples by a wild-type positive control template 
would compromise the results . 
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SUMMARY 1 
BSUM(6) 

Many genetic defects such as Burkett's lymphoma and some sickle cell 
anemia and thalassemia mutations are detectable without the use of 
sequencing. Such techniques include restriction fragment length 
polymorphism (RFLP) and chromosome karyotyping. However, general 
applicability of these methods is limited as most genetic defects are 
more modest and do not alter restriction sites or cause chromosome 
rearrangements. Polymerase chain reaction and ligase chain reaction 
can increase the sensitivity of many detection methods and detect single 
base pair changes in nucleic acid. However, if the mutation involves 
repeated sequences, the degeneracy of the repeated sequence makes even 
PCR and LCR detections unreliable. 



DETDESC: 



DETD(ll) 

Although PCR is a reliable method for amplification of target sequences, 
a number of other techniques can be used such as isothermic 
amplification, ligase chain reaction (LCR), self sustained sequence 
replication (3SR), polymerase chain reaction linked ligase chain^J 
reaction (pLCR) , gaped ligase chain reaction (gLCR) , ligase chain 
detection (LCD) . The principle of ligase chain reaction is based in 
part on the ligation of two adjacent synthetic oligonucleotide 
primers which uniquely hybridize to one strand of the target DNA or RNA. 
If the target is present, the two oligonucleotides can be covalently 
linked by ligase. A second pair of primers, almost entirely 
complementary to the first pair of primers is also provided in a 
ligase chain reaction. In a ligase chain reaction, the template 
and the four primers are placed into a thermocycler with thermostable 
ligase. As the temperature is raised and lowered, 

oligonucleotides are renatured adjacent to each other on the template, 
and ligated. The ligated product of one reaction serves as the 1 
* template for a subsequent round of ligation. The presence of target 

is manifested as a DNA fragment with a length equal to the sum ojf the two 
adjacent oligonucleotides. Additional PCR variations include in situ 



tPCR and immuno-PCR amplification which utilizes nucleic acid 
fragments coupled to pathogen-specific antibodies to increase 
detection sensitivity. Alternatively, nucleic acids can be analyzed after 
^ purification using, for example, DNA or RNA polymerases, PCR or another 

amplification technique. PCR analysis of RNA, or RT-PCR, involves reverse 
transcription of RNA,, such as mRNA sequences, into cDNA copies. These 
target cDNA sequences are hybridized to primers which amplify the nucleic 
acid using PCR amplification. 

DETDESC: 



DETD ( 54 ) 

A plurality of probes, each containing 5' and a 3 1 sequence 
complementary to the target nucleic acid and from 10 to 109 internal 
repeats are synthesized on an oligonucleotide synthesizer. Probes of 80 
bases or shorter are synthesized and used directly. Probes greater than 




u et al., Genomics 4:560 (1989); 

Backman et al., EP 320,308; Wallace, EP 336,731; Orgel, WO 89/09835). 
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SUMMARY : 

BSUM(9) 

These previously described immunoassays for AFP are of two types. 
First, a two site immunoassay based on two monoclonal antibodies 
directed against two separate and distinct epitopes, one of these 
antibodies on a solid phase and the other in soluble labelled form. 
Second, a three site immunoassay based on three monoclonal 
antibodies directed against three separate and distinct epitopes, one of 
these antibodies on a solid phase and both others in soluble labelled 
form. Wcne of the data has reported a three site immunoassay 
based oi\ two different monoclonal antibodies directed against two 
distinct and separate epitopes on said antigen, the first of these 
antibodies on a solid phase, and the second on the solid phase and in 
s 
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Padlock Probes: Circularizing Oligonucleotides for Localized DNA 
Detection 

Nilsson M; Malmgren H; Samiotaki M; Kwiatkowski M; Chowdhary B P; 
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Beijer Lab., Dep. Med. Genet., Box 589, Biomed. Cent., S-75123 Uppsala, 
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Full Journal Title: Science (Washington D C) 
ISSN: 0036-8075 
Language : ENGLISH 

Print Number: Biological Abstracts Vol. 098 Iss. 012 Ref. 162561 
Nucleotide sequence information derived from DNA segments of the human 



reactions between oligonucleotide probes; (2) Two allele-specif ic probes, 
differentially labeled with either of two lanthanide labels, compete for 
%ligation% to a third oligonucleotide (the signal from the two labeled 
probes can thus be directly compared in a sensitive time-resolved 
fluorescence detection reaction); and (3) Large sets of analyses are 
processed in parallel* using a 96-pin capture manifold, serving to reduce 
pipetting steps and the risk of contamination. We present here the basis of 
the technique and its application to the screening for two common mutations 
causing cystic fibrosis and alpha-l-antitrypsin deficiency. 
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DETECTION OF MUTATIONS IN HUMAN DNA 
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Language: ENGLISH 

Efficient methods for the detection of mutations are of fundamental 
importance in research and in diagnostics. By detection of a DNA sequence 
alteration that cosegregates with a clinical phenotype in an affected 
family, the gene at fault may be identified and assigned a function. 
Mutation detection methods are also a rate-limiting factor for the clinical 
application of DNA diagnostics. Currently a large number of techniques are 
in use to scan for new mutations and to distinguish among previously 
established sequence variants. Here, some of the problems connected with 
mutation detection are discussed together with principles on which current 
and future mutation detection assays can be based. 
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DNA diagnostics, the detection of specific DNA sequences, will play an 
increasingly important role in medicine as the molecular basis of human 
disease is defined. Here, we demonstrate an automated, nonisotopic strategy 
for DNA diagnostics using amplification of target DNA segments by the 
polymerase chain reaction (PCR) and the discrimination of allelic sequence 
variants by a colorimetric oligonucleotide %ligation% assay (OLA) . We have 
applied the automated PCR/OLA procedure to diagnosis of common genetic 
diseases, such as sickle cell anemia and cystic fibrosis (. DELTA. F508 
mutation), and to genetic linkage mapping of gene segments in the human 
T-cell receptor .beta. -chain locus. The automated PCR/OLA strategy provides 
a rapid system for diagnosis of genetic, malignant, and infectious diseases 
as well as a powerful approach to genetic linkage mapping of chromosomes 
and forensic DNA typing. 
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nucleotide sequence. In this procedure, a DNA sample is 
restriction-digested and a linker, comprising two base-paired 
oligonucleotides, is added to the ends by %ligation%. Multiple extension 
reactions are performed using a biotinylated primer derived from the known 
sequence, permitting the subsequent isolation of extension products on a 
streptavidin-coated support. The enriched fragments are amplified 
exponentially using another specific oligonucleotide, hybridizing 3' to the 
biotinylated primer in combination with one of the linker oligonucleotides, 
now functioning as a PCR primer. The convenience of CPCR is greatly 
enhanced by using a novel streptavidin-coated manifold, which is 
constructed so that it projects into each individual well of a microtiter 
plate. The procedure permits the simultaneous isolation of fragments from 
large numbers of DNA samples and minimizes the risk of contamination 
between reactions. We have applied this method to identify DNA sequences 
located downstream of known sequences in the human genome. The technique 
has also been used to identify end fragments of sequences cloned in a yeast 
artificial chromosome (YAC) vector. The reactions can be initiated directly 
from yeast colonies and provide access to DNA sequence information for 
these end fragments in a minimal number of steps. With the aid of the 
present technique, we have isolated over 100 end fragments from YACs 
derived from the human X chromosome. Isolated end sequences have been used 
to order YAC clones into a contig. 
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Several techniques exist that permit the efficient distinction among 
characterized DNA sequence variants. In this review we discuss a number of 
such analytic procedures. These techniques all take advantage of a variety 
solid supports to prepare and analyze reaction products. The described 
diagnostic principles are now being applied for the development of 
miniaturized assay formats, suitable for automated detection of large sets 
of sequences in clinical samples. 
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A contig of 20 yeast artificial clones (YACs) has been assembled across 
1.5 Mb of Xq28 and formatted with nine previously reported probes and nine 
STSs developed from the sequence of probes and end fragments of YACs. YAC 
end fragments were obtained by subcloning, Alu-vector PCR, or primer- 
%ligation% PCR methods. Eighteen of the YACs were recovered from a library 
specific for Xq24-q28; two that fill a gap were obtained from a second 
library made from total human DNA. One region, containing probes pX7 8c and 
2A1.1, was unstable in YACs, but it was possible to generate a 
self -consistent map of DNA over the entire contig. Overlaps were confirmed 
by Southern blot analyses of YAC DNAs, and pulsed-field gel electrophoresis 
confirmed the extent of the contig and identified at least four CpG islands 
in the region. 
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Abstract: 

Assay for determing the nucleic acid sequence in a region of a nucleic acid 
test substance having a known normal sequence and a known possible mutation 
at at least one target nucleotide position. Oligonucleotide probes are 
selected to anneal to immediately adjacent segments of a substantially 
complementary test DNA or RNA molecule. The target probe has an end region 
wherein one of the end region nucleotides is complementary to the normal or 
abnormal nucleotide at the corresponding target nucleotide position. A 
linking agent is added under conditions such that when the target 
nucleotide is correctly base paired, the probes are covalently joined and 
if not correctly base paired, the probes are incapable of being covalently 
joined under such conditions. The presence or absence of linking is 
detected as an indication of the sequence of the target nucleotide. 

Exemplary Claim: 

1. An assay for a biologically derived denatured DNA or RNA test substance, 
which has a known normal nucleotide sequence and a known possible 
mutation at at least one target nucleotide position in said sequence, 
which assay determines whether the test substance has said normal 
nucleotide sequence or said possible mutation, said assay comprising the 
steps of (a) annealing a target oligonucleotide probe of predetermined 
sequence to a first sequence of said test substance so that said target 
nucleotide position is aligned with a nucleotide in an end region of 
said target probe, (b) annealing an adjacent oligonucleotide probe of 
predetermined sequence to a second sequence of said test substance 
contiguous to said first sequence, so that the terminal nucleotide in 
said end region of said target probe and one end of said adjacent probe 
are directly adjacent to each other, (c) contacting said annealed target 



probe and adjacent probe with a linking agent under conditions such that 
the directly adjacent ends of said probes covalently bond to form a 
linked probe product unless there is nucleotide base pair mismatching 
between said target probe and said test substance at the target 
nucleotide position, (d) separating said test substance and linked probe 
product, if formed, and (e) detecting whether or not said linked probe 
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80 bases in size are synthesized as fragments and li gated together. 
After generation, probes are labeled at the 3' terminus with rhodamine. 
All the probes are synthesized with a 5 1 biotin and these biotinylated 
probes are attached to the bottom of a plate coated with immobilized 
streptavidin. Probes are attached along a 10. times. 10 array and ordered 
according to size ( FIG. 5B) . 
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ABSTRACT : 

The invention relates to bis-protein-DNA conjugates. A protein having 
an antigen specific binding activity is covalently linked to each end of 
a derivatized DNA molecule. The bis-protein-DNA conjugates can be 
used for immunoassays and measuring distances between proteins at up to 
3.4 .ANG. resolution. The invention also relates to methods of 
synthesizing these bis-protein-DNA conjugates. Synthesis of the 
conjugates entails derivatizing the 5' or 3' end of a DNA 
oligonucleotide and covalently linking that DNA to a protein. The DNA 
can be indirectly conjugated to an antibody or Fab 1 fragment, using a 
avidin/streptavidin-biotin linkage. The conjugates of the invention 
can be used in immunoassays and PCR assays. 

DETDESC: 

DETD(114) 

Ever since the elucidation of the double helical structure of DNA, its 
use as genetic material has been widely observed, utilized and exploited. 
However, to date, the utility of the DNA molecule as a non-genetic 
chemical has yet to be fully realized. This Example shows that 
end-derivatized double-stranded DNA can serve as a cross-linker between 
different immunoglobulin G Fab' fragments to form a semisynthetic 
bispecific antibody. Beyond its function as a novel cross-linker, though, 
DNA possesses a number of potentially very useful properties, including 
the following: gentle hetero-cross-linking via simple annealing 
reactions; automated synthesis; controllable sequence variation resulting 
in well-defined length and structure (useful up to hundreds of base 
pairs); susceptibility to intercalator incorporation resulting in 
controllable length, symmetry and stiffness; localized and reversible 
scission via restriction/religation; and exquisitely sensitive detection 
via the polymerase chain reaction. However, to enable enzymatic action by 
restriction enzymes against the intact cross-linking DNA molecule, a 
somewhat longer DNA sequence should be used as the 32mer (SEQ ID NOS : 1 
and 2) sequence used here was largely resistant to cleavage by all of the 
restriction enzymes for which the 32mer oligonucleotide (SEQ ID NOS: 1 
and 2) has known sites (data not shown) . The unconjugated 32mer sequence 

(SEQ ID NOS: 1 and 2), on the other hand, was susceptible to cleavage by 
these restriction enzymes, as expected (data not shown) . Likely 
explanations for this behavior are steric hindrance or altered DNA 
structure. Another difficulty is that reducing conditions are necessary 
for many DNA modifying enzymes, including ligases and many 
restriction enzymes. Unfortunately, the model constructs described in 
this paper all contain easily usable disulfide bond cross-links between 
protein and DNA. Treatment with reducing agent will destroy these 
important structural bonds. For applications that require irreversiblity 
of the protein-DNA cross-link, an irreversible thioether bond may be 
produced (Glennie et al . , 1987). 



DETDESC: 




DETD(148) 



In order to follow changes in energy transfer efficiency, we define 
E 1 ( t ) =E ( t ) /E . sub . 0, where E(t) is the energy transfer efficiency per cell 
obtained for HPB-ALL following modulation at 37. degree. C. for t min and 
E.sub.O is the energy transfer efficiency per cell obtained for 
unmodulated cells. E is inversely proportional to the distance separating 
donor and acceptor (Eq. 3) . However, it is essential to bear in mind 
that, on a flow system, fluorescence intensities are detected as signals 
integrated over the entire cell, such that F.sub.STRITC is a function of 
n.sub.D+A, the number of donor- and acceptor-labeled assemblies per cell 
and F.sub.FITC is a function of n.sub.D, the number of donor-labeled 
epitopes per cell. When n.sub.D+A . noteq . n . sub . D and n.sub.D+A /n.sub.D 
.noteq.k, it is often impossible to differentiate between changes in 
proximity and changes in the number of assemblies relative to the number 
of donor-labeled epitopes on the cell surface. Therefore, it is more 
appropriate to interpret changes in E 1 as changes in CD4-TCR association 
following CD4 ligation at 0. degree. C. and 37. degree. C. 



A restriction endonuclease corresponding to the restriction enzyme 
recognition site present in the DNA is applied to each well after the . 
addition of an appropriate reaction solution for the restriction 
endonuclease, and allowed to digest the linker DNA molecule of the 
bis (Fab' ) -DNA conjugate. After the digestion, the microtiter plate is 
washed extensively with ETBS . When the conjugate binds either Ag-1 or 
Ag-2, one of the Fab 1 fragments with a half of the digested linker DNA is 
removed by washing. Both Fab* fragments remain bound to antigens only 
when the conjugate binds both Ag-1 and Ag-2 simultaneously. Then, DNA 
ligase is added to the wells to religate the digested linker DNA, 
after the addition of an appropriate ligation solution to wells. When 
a bis (Fab* ) -DNA conjugate binds both Ag-1 and Ag-2, religation of the 
linker DNA occurs. However, when one of the paired Fab 1 fragments is 
removed, no ligation reaction would occur because of the absence of 
the other half of the linker DNA. Then, PCR is performed on the 
microtiter plate wells under standard conditions to amplify the religated 
linker DNA. A set of primers, which hybridize to the linker DNA flanking 
the restriction enzyme recognition sequence, are used. The resulting PCR 
product is analyzed by an appropriate method, such as gel 
electrophoresis. The PCR product can be produced only when the 
bis (Fab' ) -DNA conjugate binds two different antigens simultaneously and 
the linker DNA is religated. Thus, the presence of the specific PCR 
product demonstrates that two antigens, Ag-1 and Ag-2, are present in the 
sample. Further, this method cuts down on the noise and background in 
immuno-PCR. When only one antigen is present in the sample, a shorter PCR 
product, which corresponds to the length from one of the primer-annealing 
site to the restriction endonuclease recognition site is produced. 
However, such PCR products can be discriminated from the full-length PCR 
product produced from the religated linker DNA. In addition, the amount 
of such PCR products is much smaller than the full-length PCR product, 
because one Fab 1 fragment with a half of the linker DNA allows only 
linear PCR amplification of a portion of the linker DNA, not the 
exponential PCR amplification which occurs with the religated linker DNA. 



DETDESC: 



DETD(172) 



DETDESC: 



DETD(214) 

Mittler, R. S., Goldman, S. J., Spitalny, G. L., and Burakoff, S. J. 
(1989a) . T-cell receptor CD4 physical association in a murine T-cell 
hybridoma: induction by antigen receptor ligation. Proc. Natl. Acad. 
Sci. USA 86, 8531-8535. 
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SUMMARY : 

BSUM(7) 

Ubiquitin-mediated protein degradation is a multi-step process. Briefly, 
ligation of ubiquitin is initiated by the activation of its 
C-terminal Gly residue, which is catalyzed by a specific 
ubiquitin-activating enzyme, El. This step consists of the intermediary 
formation of ubiquitin adenylate (with the displacement of PPi from ATP) , 
and the transfer of activated ubiquitin to a thiol site of El (with the 
subsequent release of AMP) . Next, activated ubiquitin is transferred by 
transacylation to thiol groups of a family of ubiquitin-carrier proteins, 
E2(s). E2-ubiquitin thiol esters are the donors of ubiquitin for 
isopeptide bond formation between the C-terminal Gly residue of ubiquitin 
and .epsilon. -amino groups of Lys residues of proteins. Ubiquitin-protein 
ligation may occur by direct transfer from E2, or by a process in 
which target proteins are first bound to specific sites of 
ubiquitin-protein ligases, E3(s), and then ubiquitin is transferred 
from E2. Proteins which are ligated to multiple ubiquitin units are 
degraded by a 2 6S protease complex. 

SUMMARY: 

BSUM(ll) 

Two species of ubiquitin-protein ligases, E3s, have been purified 
and characterized. One enzyme, E3. alpha., binds noncovalently to 
ubiquitin via recognition of complementary structural motifs (Hershko, A. 
et al., J. Biol. Chem. 258:8206-8214 (1983)). This ligase recognizes 
mostly proteins with basic (Arg, His, Lys) and bulky-hydrophobic (Leu, 
Phe, Trp, Tyr) free N-terminal residues (Reiss, Y. et al . , J. Biol. Chem. 
263:2693-2698 (1988); Reiss, Y. et al . , J. Biol. Chem. 265:3685-3690 

(1990); Reiss, Y. et al., J. Biol. Chem. 264:10378-10383 (1989)). The 
second ligase characterized, E3.beta., recognizes proteins with small 
uncharged residues (such as Ala, Ser, and Thr) at their N-terminal 
residue (Heller, H. et al . , J. Biol. Chem. 265:6532-6535 (1990)), though 
penultimate amino acid residues also contribute to the recognition (H. 
Heller and A. Hershko, unpublished results) . 

SUMMARY: 

BSUM(16) 

It is assumed that the E2 enzymes involved in proteolysis recognize 
distinct species of E3s. However, it is not known whether they also have 
specific recognition sites for the substrates. This task is accomplished, 
most probably, by the different ligases. Of the five E2s isolated 
originally from reticulocytes, only the 14 kDa enzyme was shown to be 
involved in E3-dependent multiple ubiquitination and subsequent 
degradation (Pickart, C. M. et.al., J. Biol. Chem. 260:1573-1581 (1985)). 



Initial analysis of the mechanism of action of E3. alpha, revealed that in 
addition to the specific binding sites for ubiquitin and the substrate, 
it also interacts with one (or more) of the E2 enzymes with which it acts 
in concert (Reiss, Y . et al . , J. Biol. Chem. 265:3685-3690 (1990); Reiss, 
Y . et al., J. Biol. Chem. 264:10378-10383 (1989)). 

SUMMARY : 
BSUM(17) 

The formation of an E2-E3 complex probably facilitates the transfer of 
activated ubiquitin from E2 to the protein substrate bound to the 
ligase. Successive studies have shown that the ability of UBC3 (RAD6) 
to promote polyubiquitination and degradation in vitro is dependent upon 
the presence of E3. alpha. (Sung, P. et al . , EMBO J. 10:2187-2193 (1991)). 
A similar study carried out in yeast demonstrated that UBC2 is physically 
associated with UBR1, the yeast homolog of E3. alpha, that recognizes 
certain proteins via their free N-terminal residues; immunoprecipitation 
of UBR1 also precipitated UBC2 (Jurgen Dohmem, R. et al . , Proc . Natl. 
Acad. Sci. USA 88:7351-7355 (1991)). In addition, certain UBR1 substrates 

("N-end rule" substrates; Varshavsky, A., Cell 69:725-735 (1992)) such as 
Arg-. beta. gal and Leu- . beta . gal were dramatically stabilized in UBC2 null 
mutants (Jurgen Dohmem, R. et al . , Proc. Natl. Acad. Sci. USA 
88:7351-7355 (1991); Varshavsky, A., Cell 69:725-735 (1992)). 

SUMMARY: 
BSUM(19) 

Thus, if the notion that different E2 enzymes interact with specific 
ligases is true, a reasonable conclusion is that the "N-end" pathway 
E2s (the yeast UBC2 and the mammalian E2-14kDa) do not play an important 
role in ubiquitin-mediated proteolysis. Therefore, other, yet 
unidentified species of E2(s) probably account for targeting of most 
cellular proteins for degradation. One such E2 has been recently purified 
and characterized from wheat germ (Girod, P. -A. et al . , J. Biol. Chem. 
268 : 955-960 (1993) ) . 

SUMMARY : 

BSUM{54) 

The present invention is also directed to a method of using the E2-F1 
enzyme to detect the presence of E3 protein ligase in a biological 
sample, comprising the steps of: 

SUMMARY: 

BSUM(58) 

(a) incubating the substance with E2-F1, El, ATP, ubiquitin, a source of 
E3 ligase, and a substrate protein, whereby tile incubation promotes 
the conjugation of ubiquitin with the protein substrate; 

DETDESC: 

DETD (21 ) 

Purified E2-F1 can also be used to identify an E3 protein ligase in 
a biological sample. For example, E3 can be identified in a biological 



fluid or cellular extract by determining whether the biological sample 
promotes the formation of ubiquitin-protein conjugates in the presence of 
El and purified E2-F1 (see Example 3) . In addition, purified E2-F1 may be 
used to construct an E2-F1 affinity column, using well known techniques 
(for example, see Affinity Chromatography: A Practical Approach, Dean et 
al. (Eds.) IRL Press, Washington, D.C. (1985)). Such an E2-F1 affinity 
column may be used to bind E3 enzyme from a biological sample, as a first 
step in the isolation and purification of E3 enzyme. 



DETDESC: 



DETD ( 62 ) 

Alternatively, antibodies specific for E2-F1, or a functional 
derivative, may be delectably labeled with DNA by the technique of 
immuno-polymerase chain reaction (Sano et at., Science 258:120-122 
(1992)). The polymerase chain reaction (PCR) procedure amplifies specific 
nucleic acid sequences through a series of manipulations including 
denaturation, annealing of oligonucleotide primers, and extension of the 
primers with DNA polymerase (see, for example, Mullis et al . , U.S. Pat. 
No. 4,683,202; Mullis et al . , U.S. Pat. No. 4,683,195; Loh et al . , 
Science 243:217 (1988)). The steps can be repeated many times, resulting 
in a large amplification of the number of copies of the original specific 
sequence. As little as a single copy of a DNA sequence can be amplified 
to produce hundreds of nanograms of product (Li et al . , Nature 335:414 

(1988)). Other known nucleic acid amplification procedures include 
transcription-based amplification systems (Kwoh et al . , Proc. Natl. Acad. 
Sci. USA 86:1173 (1989); Gingeras et al., WO 88/10315), and the 
"ligase chain reaction" in which two (or more) oligonucleotides are 
ligated in the presence of a nucleic acid target having the sequence 
of the resulting "di-oligonucleotide" thereby amplifying the 
di-oligonucleotide (Wu et al . , Genomics 4:560 (1989); Backman et al . , EP 
320,308; Wallace, EP 336,731; Orgel, WO 89/09835). 



DETDESC: 



DETD (63) 



For example, the immuno-PCR assay can be carried out by 
immobilizing various amounts of the test material on the surface of 
microtiter wells (see Sanzo et al., supra, page 122, footnote 7). The 
wells are subsequently incubated with E2-F1 monoclonal antibody, washed, 
and then incubated with biotinylated DNA molecules which have been 
conjugated to streptavidin-protein chimera (Id.). This chimera binds 
biotin (via the streptavidin moiety) and the Fc portion of an 
immunoglobulin G molecule (via the protein A moiety) (Id., at 120; Sanzo 
et al., Bio/Technology 9:1378 (1991)). (Alternatively, a commercially 
available avidin system may be used instead of the chimera, as described 
by Ruzicka et al . , Science 260:698-699 (1993)). The wells are then washed 
to remove unbound conjugates. Any E2-F1 present in the test material 
will be bound by the E2-F1 monoclonal antibody, which ill turn, is bound 
by tile protein A moiety of the biotinylated DNA-streptavidin-protein A 
conjugate. Then, the DNA sequences are amplified using PCR. Briefly, 
the microtiter wells are incubated with deoxyribonucleoside 
triphosphates, oligonucleotide primers, and Taq DNA polymerase (see 
Sanzo et al . , supra, page 122, footnote 11). An automated thermal cycler 
(such as the PTC-100-96 Thermal Cycler, MJ Research, Inc.) can be used to 
perform PCR under standard conditions (Id.). The PCR products are then 
analyzed by agarose gel electrophoresis after staining with ethidium 



bromide . 



DETDESC: 
DETD { 80 ) 

For cloning into a vector, suitable DNA preparations (either genomic or 
cDNA) are randomly sheared or enzymatically cleaved, respectively, and 
ligated into appropriate vectors to form a recombinant gene (either 
genomic or cDNA) library. A DNA sequence encoding E2-F1 may be inserted 
into a vector in accordance with conventional techniques, including 
blunt-ending or staggered-ending termini for ligation, restriction 
enzyme digestion to provide appropriate termini, filling in of cohesive 
ends as appropriate, alkaline phosphatase treatment to avoid undesirable 
joining, and ligation with appropriate ligases . Techniques for 
such manipulation are disclosed by Sambrook et al . , supra, and are well 
known in the art. 

DETDESC: 

DETD(115) 

Thus, crude reticulocyte Fraction 1 stimulates the degradation of 
GA3PDH. This dehydrogenase is a homotetramer that is composed of four 35 
kDa molecular mass chains with a Val residue in their N-terminal 
position. Val is a "stabilizing" residue according to the N-end rule in 
bacteria, yeast, and mammalian cells (Varshavsky, A., Cell 69:725-735 
(1992)). It was clear, therefore, that this protein is not recognized by 
E3. alpha, and E3.beta., the two ubiquitin-protein ligases that 
recognize certain "destabilizing" residues in N-terminal free proteins. 



11. 5,635,602, Jun. 3, 1997, Design and synthesis of bispecific 
DNA-antibody conjugates; Charles R. Cantor, et al . , 530/391.1, 387.3, 
391.5, 391.9; 536/23.1 [IMAGE AVAILABLE] 
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ABSTRACT : 

The invention relates to bis-protein-DNA conjugates. A protein having an 
antigen specific binding activity is covalently linked to each end of a 
derivatized DNA molecule. The bis-protein-DNA conjugates can be used for 
immunoassays and measuring distances between proteins at up to 3 . 4 . ANG. 
resolution. The invention also relates to methods of synthesizing these 
bis-protein-DNA conjugates. Synthesis of the conjugates entails 
derivatizing the 5' or 3 1 end of a DNA oligonucleotide and covalently 
linking that DNA to a protein. The DNA can be indirectly conjugated to an 
antibody or Fab 1 fragment, using a avidin/streptavidin-biotin linkage. 
The conjugates of the invention can be used in immunoassays and 
PCR assays. 



